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D e scription 

D e termination of dynamic axl e loads and/or wheel load 3 of a 
wh ee l vehicle 

DETERMINATION OF DYNAMIC AXLE LOADS AND/OR 
WHEEL LOADS OF A WHEEL VEHICLE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a U.S. national stage 

application of International Application No. PCT/EP2004/053080 
filed November 24 , 2004, which designates the United States of 
America , and claims priority to German application number 
DE 103 58 335.1 filed December 12, 2003, the contents of which 
are hereby incorporated by reference in their entirety. 

TECHNICAL FIELD 

[0002] The invention relates to an arrangement and a method 

for the determination of the dynamic axle loads and/or the 
wheel loads of a wheel vehicle. 

[0003] Axle loads and wheel loads, i.e. forces acting on a 
running gear or on the parts of a running gear are input 
variables for the electronic control systems of motor 
vehicles, for example, for an anti-lock brake system (ABS) and 
for a system in order to actively control the running gear or 
the coupling of the running gear with a vehicle structure (for 
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example, the so-called electronic stability program ESP) . 
Additional examples include a protective system protecting a 
motor vehicle against rolling over (rollover protection) and 
systems for stabilizing rocking motions in passenger cars and 
in utility vehicles as well as in trailers. 

[0004] The invention more particularly relates to a 

connection of the arrangement to at least one such system or 
to any combination of such systems. 

BACKGROUND 

[0005] A circuit arrangement for determining the axle loads 

in the case of a motor vehicle is known from DE 196 03 430 Al . 
The signals of a rotating speed sensor are received in an 
evaluation circuit, said signals reproducing a pitching motion 
of the motor vehicle and the axle loads and/or the wheel 
contact forces of the motor vehicle are calculated from said 
signals. More particularly, both the angular velocity in the 
longitudinal direction of the motor vehicle up to the angle of 
pitch and the angular velocity in the transverse direction of 
the motor vehicle up to the roll angle are integrated in a 
control computer. The axle load or weight distribution between 
the front and the rear axles can be calculated from the angle 
of pitch, the roll angle, the rise of site or slope, the left 
and the right wheelbase, the front and rear track as well as 
the road speed of the- motor vehicle. 
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SUMMARY 

[0006] It is the object of the invention to specify an 

arrangement and a method which allow a determination of the 
dynamic axle loads and/or the wheel loads of a wheel vehicle 
in a plurality of real driving situations. More particularly, 
it should be possible to determine the axle loads and/or the 
wheel loads especially in safety-critical situations such as 
when cornering, in the case of a suitable driving surface 
and/or in the case of a rolling vehicle structure. 

[0007] How e ver, it ha3 be e n propos e d i ln order to determine 

the dynamic axle loads and/or the wheel loads of a wheel 
vehicle, it is proposed to measure at least two (preferably 
three) linear accelerations of a wheel vehicle oriented 
transversally with respect to each other and three rotation 
rates of the wheel vehicle. In each case, the three rotation 
rates are a measurement of a rotation movement or of the 
components of a rotation movement around a coordinate axis of 
the wheel vehicle, in which case the said two or three 
coordinate axes extend transversally with respect to each 
other and, in particular, form a Cartesian coordinate system. 

[0008] In addition , — the following has also b ee n propos e d: 

An arrangement with m ay comprise: 

- a measuring device arranged in the wheel vehicle or which 
can be arranged in the wheel vehicle, in which case the 
said measuring device has been developed in such a way 
that it can measure at least two linear accelerations of a 
wheel vehicle oriented transversally with respect to each 
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other and three rotation rates of a rotation movement or 
of a component of a rotation movement around a coordinate 
axis of the wheel vehicle in each case, in which case the 
said three coordinate axes extend transversally with 
respect to each other, and 
- an evaluation device which has been connected to and 

developed with the measuring device and at least one axle 
load and/or one wheel load, is determined by means of at 
least two linear accelerations and three rotation rates 
with the aid of said evaluation device. 

[0009] In this case, the term "axle" does not only mean a 

rigid axle and/or an axle embodied as an individual, 
objectively present component. The wheels of an axle can 
rather, for example, simply be connected to each other by 
means of a vehicle structure as well as by means of shock 
absorber devices and/or suspension devices arranged between 
the vehicle structure and the specific wheel. In addition, it 
is also possible for at least one of the axles only to have 
one wheel. 

[0010] An axle load means a load which altogether acts on 

the wheels of an axle (for example from a vehicle structure on 
the front wheels of a four-wheeled vehicle) or is exerted (for 
example at the wheel contact points) from the wheels of the 
axle on the subsurface. A wheel load means a load which acts 
on an individual wheel of the motor vehicle (for example from 
a vehicle structure on the right front wheel of a four-wheeled 
vehicle) or on a plurality of wheels of the motor vehicle (for 
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example on the two right wheels of a four-wheeled vehicle) or 
is exerted from the wheel or the wheels on the subsurface. 

[0011] The measuring device preferably has acceleration 

sensors in order to measure the two (or three) linear 
accelerations and rotation rate sensors to measure the three 
rotation rates, in which case the said acceleration sensors 
and rotation rate sensors are parts of a prefabricated unit 
embodied in accordance with equipment engineering so that they 
can be installed in the wheel vehicle. This unit is a special 
embodiment of a so-called Inertial Measurement Unit (IMU) . The 
IMU is intended for example to be fitted to or in the 
proximity of the center of gravity of a wheel vehicle. The 
center of gravity of the wheel vehicle or of a vehicle 
structure of the wheel vehicle is then preferably within the 
unit . 

[0012] In addition, preference is given to the fact that by 

using a measuring device it is possible to measure the two (or 
three) linear accelerations as linear measured quantities, 
which do not depend on each other. Preferably, the directions 
of the accelerations or the components of the accelerations 
recorded by the acceleration sensors in each case form the 
axes of a three-dimensional right-angle coordinate system. 

[0013] Accordingly the same is preferred for the adjustment 

of the three coordinate axes with regard to which the 
components of the rotation vector of a rotation movement of 
the vehicle is measured. In other words: The measuring device 
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is embodied in such a way that the three coordinate axes 
extend vertically with respect to each other in pairs. 

[0014] The measuring device can for example have a separate 

sensor for each measured quantity. However, there are also 
sensors which measure two of the measured quantities mentioned 
at the same time (for example, two accelerations or two 
rotation rates) . 

[0015] In order to measure the rotation rates and to 

measure the linear accelerations, the measuring sensors of the 
measuring device are preferably fitted to a vehicle structure 
moving relative to a running gear of the motor vehicle. 

[0016] Acceleration sensors measure, depending on the 

orientation of the vehicle, a measured quantity influenced by 
the gravitational force. When the motor vehicle is standing 
still, the acceleration sensor only measures the effects of 
the gravitational force. The actual acceleration does not then 
occur in the measured quantity. 

[0017] In this description, the dynamic acceleration 

quantity changed by the gravitational force is called the 
effective acceleration quantity. Preferably, in the case of 
the determination of the dynamic axle loads and/or the wheel 
loads, the effective acceleration values are used. Dynamic 
loads are then obtained which contain the static load (the 
part of the gravitational pull of the earth or the force of 
gravity) . However, if required it is also possible to 
determine the pure dynamic load, for example, by integrating 
the three rotation rates in order to determine the orientation 
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of the motor vehicle relative to a globally-fixed coordinate 
system and by eliminating the static part by using information 
about the orientation. 

[0018] For this purpose especially the arrangement can have 

a device for determining an orientation which has been 
embodied in such a way that it is possible to determine, from 
the three rotation rates, an orientation of the wheel vehicle 
in a vehicle-external coordinate system. In addition, in order 
to be able to monitor the quantities measured by the measuring 
device for possible errors, a monitoring device is proposed 
which has been embodied in such a way that, by using an output 
quantity of the device for determining an orientation and by 
using a comparison quantity, it is possible to carry out a 
monitoring process of at least one of the measured linear 
accelerations. In order to determine the comparison quantity, 
additional quantities not measured by the measuring device are 
used in particular, for example, a steering angle of at least 
one steerable wheel of the vehicle and/or a road speed. Should 
it be determined on carrying out the monitoring process that a 
measured value of the measuring device, is not reliable for 
example because of a sensor error, suitable measures can be 
taken. 

[0019] By taking into account the three rotation rates and 

the at least two accelerations of the vehicle, it is possible 
even in safety-critical driving situations, in particular if 
high accelerations and/or quick rotation movements of the 
vehicle take place, to calculate reliably an axle load and/or 
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at least a wheel load. Examples of driving situations in which 
previously known methods for the calculation of the load 
cannot be used or can only be used in a restricted manner, 
relate to cornering, driving on cambered subsurfaces and/or 
driving in the case of sideways rotation movements of a 
vehicle structure (in the case of a tilting vehicle 
structure ) . 

[0020] In a computer model in order to calculate the load, 

which has been implemented in the evaluation device, it is 
possible on the basis of the rotation rates and the 
accelerations to take into account for example one term or a 
plurality of terms about which no measured information had 
previously been made available. These include: 

- Terms which take into account loads on the basis of a 
movement of the vehicle and/or a vehicle structure 
transversally to the plane of the subsurface, 

- Terms which take into account a relative movement between 
a vehicle structure and a running gear of the vehicle, 
and/ or 

- Terms which take into account a moment of inertia of the 
motor vehicle and/or a part of the vehicle (in particular 
a vehicle structure) in the case of a rotation movement. 

[0021] In addition, terms can be taken into account in the 

computer model, which take into account an (in particular 
damped) elastic movement behavior of a vehicle structure 
relative to a running gear. This is explained in detail below. 
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[0022] More part icularly , the evaluation device can have a 

computation unit, which has been embodied, 

- that by using a measured value measured by the measuring 
device for a linear acceleration oriented transversally to 
the plane of a vehicle subsurface at least one part of the 
axle load and/or a part of the wheel load is calculated; 

- that by using the three rotation rates at least one part 
of the axle load and/or a part of the wheel load is 
calculated which is generated by a rotation movement of 
the wheel vehicle and/or by a rotation movement of a part 
of the wheel vehicle; and/or 

- that with due consideration of a, in particular damped, 
suspension between at least one of the wheels of the wheel 
vehicle and a vehicle structure, the axle load and/or the 
wheel load is calculated. 

The computation unit for example has a microprocessor. 

[0023] The method in accordance with the invention in 

addition allows a reliable prognosis of a driving situation in 
which case by using at least two axle loads and/or wheel loads 
calculated in accordance with the method, it is possible to 
forecast whether or not a wheel of the wheel vehicle or a 
plurality of wheels of the wheel vehicle will lose roadholding 
and thus the grip to a subsurface. For example, the loads for 
the different wheels of a vehicle are considered as functions 
of time and these functions are repeatedly extrapolated, so 
that at least a future value of the loads is obtained in each 
case. By way of comparison and/or by using the extrapolated 
loads it is then possible to determine for a future point in 
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time, whether or not the roadholding and thus the grip to the 
subsurface will be lost. For example, in such a case, a system 
actively to control the running gear or the coupling of the 
running gear with a vehicle structure makes it possible that 
suitable measures are taken in order to avoid such a hazardous 
situation. For example, it is possible to apply the brakes to 
single wheels or to a plurality of wheels of the motor 
vehicle . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention is now explained in detail on the 

basis of the embodiments. Reference is made in the explanation 
to the included, schematic drawing and a preferred embodiment 
is described. The same reference symbols in the drawing 
designate the same units or devices as well as functionally 
equal and equivalent units or devices. The individual figures 
of the drawing are as follows: 

Fa^-Figure 1 a road motor vehicle with an arrangement for the 
determination of the dynamic axle loads and the wheel 
loads , 

Fa^^Figure 2 an embodiment of the evaluation device shown in 

Fi^r-Figure 1 in connection with a measuring device, 
F±g-=-Figure 3 the measuring device shown in FighrFigure 1 in a 

common housing with the evaluation device, 
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Figy Figure 4 side view of a model of a road motor vehicle 
with a running gear and with a vehicle structure 
connected to the running gear via a damped 
suspension, 

Fa# rFigure 5 front view of the model in accordance with 

Fig^Figure 6 a representation of a road motor vehicle in 

order to explain the dimensions and the angles and 

Figv Figure 7 an example of an embodiment of the measuring 
device shown in Fig^-Figure 1. 

DETAILED DESCRIPTION 

[0025] The road motor vehicle 20 shown in Fa^- Figure 1 has 

two front wheels and two rear wheels, in the case of which the 
right front wheel has been designated with the reference 
symbol 22 and the right rear wheel with the reference symbol 
24. A front axle 26 has been allocated to the front wheels. A 
rear axle 27 has been allocated to the rear wheels. The wheels 
allocated to an axle rotate coaxially for straight-ahead 
driving of the road motor vehicle 20, i.e. they have a common 
rotational axis. 

[0026] A measuring device 1 has been arranged in the road 

motor vehicle 20, said measuring device being connected to an 
evaluation device 9 for the determination of the axle loads 
and the wheel loads of the road motor vehicle 20. 

[0027] As shown in Fa^ Figure 7, the measuring device 1 for 

example has an acceleration measuring device 3 and a rotation 
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rate measuring device 4. More particularly, the measuring 
device 1 is a prefabricated constructional unit, in which case 
the said corresponding measuring sensors for measuring the 
accelerations and the rotation rates have been arranged 
relative to each other in the unit with fixed positions. More 
particularly, the constructional unit has been designed in 
such a way that it can be fitted to or in the proximity of the 
center of gravity of a motor vehicle, in which case a specific 
alignment in the motor vehicle is aimed at in each case. 

[0028] More particularly, the acceleration measuring device 

3 has three linear acceleration sensors 31, 32, 33 (Fdtg^ Figure 

7) which have been arranged in such a way that in each case 
one of the acceleration sensors measures an acceleration or 
the acceleration components of the motor vehicle in the 
direction of the axes of a Cartesian coordinate system, in 
which case the x axis extends towards the front in the 
longitudinal direction of the motor vehicle, the y axis is 
oriented transversally to the longitudinal axis and the z axis 
(in the case of a horizontally aligned motor vehicle) extends 
vertically upwards. Such a coordinate system is shown 
schematically in Fig^Figure 6. Said figure shows a road motor 
vehicle 20 with two steerable front wheels 21, 22 and two non- 
steerable rear wheels 23, 24. In the shown state, the front 
wheels have been turned towards the left and have a steering 
angle of 5 L (left front wheel 21) or 5 R (right front wheel 22) 
to the x axis. The front wheels 21, 22 have a distance 
(wheelbase) of s F from each other and the rear wheels 23, 24 a 
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distance of s R from one another. r R designates the radius of 
the rear wheels 23, 24. The measuring device 1 is more or less 
arranged in the center of a vehicle structure 25 in a 
longitudinal direction. In the longitudinal direction, it is 
at a distance of 1 F from the axle of the front wheels 21, 22 
and at a distance of 1 R - from the axle of the rear wheels 23, 
24 . 

[0029] The invention is not restricted to wheel vehicles 

with front wheel steering. On the contrary, it is in addition 
also possible for the rear wheels to be steerable. 

[0030] An embodiment for the arrangement shown in 

Fig^r-Figure 1 is given in Fig^rFigure 2. The acceleration 
measuring device 3 is connected to the evaluation device 9 via 
a filter device 5. The rotation rate measuring device 4 is 
likewise connected to the evaluation device 9 via the filter 
device 5. 

[0031] The filter device 5, which is shown in FigvFigure 2, 

acts as a substitute for additional filter devices, which can 
in addition be provided in the case of arrangements shown in 
Figs . Figures 1 to 3 or for modified arrangements. The 
filtering of the measuring signals, which is carried out by 
the filter devices, and/or hence the derived signals, in 
particular, serve the elimination of possibly occurring noises 
and the elimination of high-frequency fluctuations of the 
measuring signals, for example on the basis of vibrations of 
the vehicle structure. More particularly, the filter devices 
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can have at least one lowpass filter and/or at least one 
bandpass filter. 

[0032] The filter device 5 filters the acceleration signals 

measured by the acceleration measuring sensors of the 
acceleration measuring device 3 and the rotation rate signals 
measured by the rotation rate measuring sensors of the 
rotation rate measuring device 4 before said signals are 
transmitted to the evaluation device 9. 

[0033] As can be seen in Fa^ -Figure 3, both the measuring 

device 1 and the evaluation device 9 can be arranged jointly 
with other units and/or devices in a common housing 2. As can 
be seen in the figure, the evaluation device 9 can have a 
computation unit 11 and a monitoring device 10. The 
computation unit 11 serves to calculate the axle loads and/or 
the wheel loads of the motor vehicle. The monitoring device 10 
serves to monitor the measuring signals generated by the 
measuring device 1 . 

[0034] By using the measuring signals of a steering angle 

and the road speed of a motor vehicle, which is received via 
an input 6, the monitoring device 10 carries out a monitoring 
procedure of at least one of the quantities measured by the 
measuring device 1. For example, in order to monitor the 
linear accelerations, the monitoring device 10 uses at least 
two angles (the roll angle and the angle of pitch of the motor 
vehicle obtained by the integration of the rotation rates) 
which serve as a measure for the orientation of the motor 
vehicle in an earth-fixed coordinate system. In this way, said 
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device can take into account that the measured linear 
accelerations, depending on the orientation of the motor 
vehicle relative to the earth-fixed coordinate system contain 
a component, which must be ascribed to the gravitational pull 
of the earth. 

[0035] In the same way as has just been shown in Fig^Figure 

3, the computation unit 11 can be connected to an 
extrapolation unit 12 in order to be able to predict (as has 
already been explained) a future driving situation in which at 
least one of the wheels of the motor vehicle no longer 
maintains its roadholding and thus grip to the subsurface is 
lost or no longer maintains said roadholding in a sufficient 
way. Via an interface 13, which is connected to an 
extrapolation unit 12, corresponding information about such a 
driving situation can be output to a system, which initiates 
suitable measures for the prevention of such a hazardous 
situation (e.g. rollover protection). 

[0036] Below, the calculation of the axle loads and/or the 

wheel loads, which is for example carried out by the 
computation unit 11 is explained in detail. 

[0037] In the case of a first calculation type, the sum 

totals of a plurality of wheel loads should be calculated in 
each case, wherein in all cases either all the wheels of an 
axle or all the wheels of one side of the motor vehicle have 
been included. For example, in the case of a four-wheeled 
wheel vehicle it is possible to calculate in this way the load 
of the front axle, the load of the rear axle, the sum of the 
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wheel loads of the right wheels and/or the sum of the wheel 
loads of the left wheels. For each of these calculations, only 
two of the acceleration quantities measured by the measuring 
device are needed in each case. In all cases, the linear 
acceleration in the z direction also belongs to these two 
acceleration quantities (Fig^Figure 6) . 

[0038] The size of the second acceleration quantity depends 

on the sum to be calculated. Should it be necessary to 
calculate an axle load (sum of the wheels of an axle) , the 
acceleration in the x direction is used as the second linear 
acceleration quantity. Should it be necessary to calculate the 
sum of the wheel loads on one side of the motor vehicle, the 
acceleration in the y direction is used as the second 
acceleration quantity . 

[0039] In addition, in the case of each of these sum totals 

of wheel loads, a term describing the inertia of the motor 
vehicle in the case of a rotation movement is taken into 
account. For this term, all three rotation rates measured by 
the measuring device are preferably used. 

[0040] Below, examples of the calculation of such sum 

totals of the wheel loads are explained in detail based on the 
physical motor vehicle models. 

[0041] In the case of a first model, the motor vehicle is 

regarded as a rigid body, i.e. terms, which map a (in 
particular damped) suspension between the wheels and a vehicle 
structure, are not taken into account. 
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[0042] The dynamic load of the front axle F F i s defined as 

the sum of the contact forces of the front wheels and the 

dynamic load of the rear axle F R as the sum of the contact 
forces of the rear wheels. More particularly, the forces can 
be calculated in accordance with the following equations: 

F R = (l F m v a ( c e l 2 +h CG m v a^ Gx +J CG!y )/(l R +l F ) 

(e) • _ 

In this case, a cGj^>J~ x ^y^ z are the measuring signals for the 
linear acceleration determined by the measuring device and in 
particular prepared by filtering and/or additional measures 
under the assumption that the measuring device has been 
arranged at and fitted to the center of gravity of the motor 
vehicle. Should this not be the case, the measured values are 
converted to the center of gravity. In addition, l R or l F are 
the distances - which have already been introduced with 
reference to Fa^^ Figxire 6 - between the measuring device and 
the load of the rear axle or the load of the front axle, m v 
the mass of the motor vehicle, h CG the height of the center of 
gravity above the subsurface of the motor vehicle and 

JcG,x>JcG,y the x components or the y components of the vector 

J rr = J rr (D +3 X ( J rr O) ) 
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In this case, J CG is the inertia sensor of the motor vehicle 
with regard to the center of gravity, in which case the 
coordinate axes have been oriented in the direction of the 

measuring directions of the sensors. CD is the rotation vector 
of the motor vehicle. Assuming that the rotation vector in 
good approximation is diagonal, the following is obtained for 
the two first components of the vector J CG : 

J CG,x = J CG,l^x +( 7 CG,3 ~ I CG^ CD y (D z 
J CG,y = I CGa Cd y + ( I CG,l - I CG^ (D x (D z 

with the main moment of inertia of the motor vehicle 

^CG,l^CG,2^CG i 3 (diagonal elements of the 3x3 moment of 

inertia matrix) and the components of the rotation vector 

CO , CD , CO 
x ' y ? z • 

[0043] In a corresponding manner, it is possible to obtain 

an equation for the sum of the wheel loads F FL + F RL (the first 
index F stands for "Front", the first index R stands for 
"Rear", the second index L stands for "left") of the left 
wheels : 
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V^CG^z 




l CG m v a CG,y + (JcG,x / S f) 



In this case, S F is the wheelbase, which is assumed to be 
equal in size for the front wheels and for the rear wheels of 
a motor vehicle. It is possible to obtain the corresponding 
equation for the right wheels by inverting the algebraic sign 
of the second summand on the right-hand side of this equation. 
This takes into account that acceleration in the y direction 
(therefore transverse to the direction of travel) acts 
inversely for the contact forces of the right wheels and the 
left wheels. 

[0044] With a view to preventing a motor vehicle from 

rolling over (rollover protection) , it is for example possible 
to use the sum of the wheel loads of the left wheels and/or 
the sum of the wheel loads of the right wheels and the 
extrapolation which has already been described can be carried 
out in each case. More particularly, it is for example 
possible to compare the sum of the wheel loads of the right 
wheels with the sum of the wheel loads of the right wheels. 
Because the corresponding equations can sometimes contain 
identical terms, it can suffice in specific applications 
and/or in specific driving situations to evaluate the terms 
with an inverted algebraic sign. Therefore, in these cases the 
comparison can be reduced to a calculation of the term or the 
terms, the algebraic sign of which has been inverted for both 
the right wheels and the left wheels. More particularly, in 
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the case of this comparison a test can be carried out in order 
to determine whether or not a predetermined boundary value has 
been reached or exceeded. Should this be the case, a signal is 
for example output to a system in order to stabilize the motor 
vehicle while driving. 

[0045] Fundamentals of the previously described model are 

the assumption of a rigid motor vehicle and the establishment 
of an angular momentum balance (or an equivalent balance) of 
the wheels considered in each case (for example the front 
wheels, the rear wheels or the left wheels) . However, with 
such a model it is not possible to determine the wheel loads 
of individual wheels. 

[0046] Especially where movements which are not to be 

ignored occur between the structure and the running gear it is 
nevertheless possible to determine the axle loads and/or the 
wheel loads with the measured values of the measuring device 
arranged in the structure (in particular with an IMU) . To this 
end it is proposed that a motor vehicle model which takes into 
account the elasticity between the structure and the running 
gear of the motor vehicle be used. 

[0047] In order to determine the individual wheel loads of 

a four-wheeled motor vehicle, the following approach is 
proposed in accordance with a second model: the introduction 
of an elasticity of the suspension between the wheels (i.e. a 
running gear) and a rigid vehicle structure. In addition, 
three degrees of freedom of the relative movement between the 
running gear and the vehicle structure are permitted in each 
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case, namely a linear movement in the z direction (for example 
the movement of a point in the vehicle structure at which the 
measuring device takes measurements) , a first rotation 
movement around a first rotational axis extending horizontally 
in the motor vehicle (in particular the x axis) and a second 
rotation movement around a second rotational axis extending 
horizontally in the motor vehicle (in particular the y axis) , 
which extends transversally to the first rotational axis. 

[0048] Fig3 . Figures 4 and 5 are a schematic representation 

of the model. A vehicle structure 28 has a center of gravity 
CG and is connected individually to the four wheels 21, 22, 
23, 24 via springs 40, 41, 43 (in the two figures only three 
of the four wheels are shown) and via attenuators 44, 45, 47 
acting parallel to the springs 40, 41, 43. Because the wheels 
21, 22, 23, 24 are not directly connected mechanically with 
each other, it is also possible to make use of a five-mass 
model. The wheels 21, 22, 23, 24 are positioned on the 
subsurface 30 (for example on a road). 

[0049] By forming the corresponding angular momentum 

balances (or equivalent balances, for example, torque 
balances) for the running gear, as has been described above 
for the rigid motor vehicle (i.e. two equations for two wheels 
in each case, for example, the front wheels and the rear 
wheels) and by taking into account the following differential 
equations 
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KRk9 + rR&4> = c R a™ -d> x 
K p k$ + y P A3 = -c p a { x e) - co y 
kAz + TAz = -a ( z e) 

the individual wheel loads can be calculated. In this case, 
K Rr K pi k are parameters of the motor vehicle which correspond 
to a linear spring force of the specific movement component of 
the degree of freedom, y Rf y p , Y parameters of the motor 
vehicle which correspond to a linear damping term of the 
specific movement component, c R , c p additional parameters of 
the motor vehicle, A<p the relative rotation angle between the 
vehicle structure and the running gear around the x axis (roll 
angle) , AS the relative rotation angle between the vehicle 
structure and the running gear around the y axis (angle of 
O) . 

pitch) and &j >J—X,y,Z the linear accelerations in the x 

direction, the y direction and the z direction measured by the 
measuring device arranged in the vehicle structure. 

[0050] All the parameters can for example be determined 

experimentally and/or arithmetically for a specific motor 
vehicle or a specific type of motor vehicle. 

[0051] A requirement of this model is the embodiment of the 

vehicle structure as a rigid body and in this way is in good 
approximation particularly suitable for the journey of motor 
vehicles on roads. This model takes into account the rolling 
motions and the pitching motions in the same way as has 
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already been described and, as a result of this, is in 
particular suitable for driving situations and/or motor 
vehicles in which such movements or motions occur. This is 
especially the case for motor vehicles with a center of 
gravity of the vehicle structure positioned high above the 
running gear, for example, in the case of trucks and specific 
off-road vehicles . 

[0052] In the case of the above-mentioned set of the three 

specified differential equations, the following changes can 
in particular be made or alternatives can be implemented: 
the springs can be described as non-linear springs, 
in one of the equations or in a plurality of the 
equations, more particularly in the equation for the 
angle of pitch A3 , a distribution of a brake force or of 
brake forces and/or of a driving force or of driving 
forces (for example in the case of four-wheel driven 
motor vehicles) over the wheels can also be taken into 
account and/or 

the equations can at least be partially coupled. 

[0053] In order to simplify the calculation, it is possible 

to make simplifying assumptions, such as the following 

ignoring the mass of the running gear compared to the 
mass of the vehicle structure, 

the assumption that the measuring point at which the 
measuring device measures the rotation rates and the 
linear accelerations and/or through which the three 
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rotational axes extend, is the center of gravity of the 
vehicle structure and/or 

the assumption that the difference in height (in the z 
direction) of the measuring point in the case of the four 
working points at which the spring forces act on 
suspensions in the vehicle structure operating between 
the wheels and the vehicle structure is equal in size for 
all four wheels. 

[0054] In the model considered, a mathematical limit value 

formation can be undertaken, in which case it is possible for 
the spring forces to reach infinity (borderline case of rigid 
springs) . In the above-mentioned differential equations, said 
model corresponds to the case k r , k p , k —> oo . The following 
calculation equations are obtained for the individual wheel 
loads : 



2(l F +l R ) Z(l F +l R ) 

^ ,j* 1 , Z (kcG m v a CG,y ~JcG,x) 



F RLIR , Z ~ 2Qf F +1r) m v a cL + 2{lp + y (h CG m v a% >x+ J CG>y ) 



+ 



s F (l F + l R ) 



>CG'"'V u CG ) y 



(h CG m v a[ 



JcG,x) 
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in which case the minus sign in the operator + of the 
equations refers to the left wheel in each case and the plus 
sign to the right wheel in each case. 

[0055] More particularly, this simplified model is suitable 

for motor vehicles with a low-positioned center of gravity of 
the vehicle structure, for traveling on a level subsurface (as 
opposed to poor road sections) and for traveling at high 
speeds. For example, in the case of a specific embodiment it 
can be determined whether or not one of these conditions 
actually occurs. Should this be the case, the computation unit 
returns to the simplified model. Otherwise, the basic model 
which takes account of the suspension is used. 
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ABSTRACT 

[0056] Th e inv e ntion r e lat e s to For determination of 

dynamic axle and/or wheel loads of a wheel vehicle (20) , 
wherein for said wheel vehicle (20) , at least two linear 
transversally oriented with respect to each other 
accelerations and three rotation rates of a rotation movement 
around the coordinate axis of the vehicle (20) or of the 
component of the coordinate axis are respectively measured by 
a measuring device (1)^ — wh e r e in said The three coordinate 
axes extend transversally with respect to each other and at 
least one axle load and/or wheel load of the wheel vehicle 

(20) are determined by means of at least two linear 
accelerations and three rotation rates with the aid of 
evaluation device (9) . 
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